tests (intraocular pressure (lOP), visual fields and optic disc assessment) be routinely applied, significant numbers of referrals were being received with suboptimal data on which to base priority? In addition, guidelines from the College of Optometrists active during the time course of this study advocated that all those over the age of 40 years should have visual field analysis as part of a periodic eye examination?
To our knowledge, there has been no study to examine whether the referral information delivered to the ophthalmologist from optometrists can be influenced by local guidelines and protocols. We report the effect of such an exercise undertaken in Nottingham Health District and compare referral accuracy rates in the late 1990s with those from the late 1980s and early 1990s.
Methods
Our hospital has been providing a consultant-led glaucoma service since 1986. A previous report,2 which analysed glaucoma suspects referred by Nottinghamshire optometrists in 1988 and 1993, showed a significant increase in false positive referrals. Based on this study, guidelines for glaucoma detection, containing a protocol for glaucoma referral, were devised by the local glaucoma specialist (S.A.V.). The guidelines also took into consideration information from another earlier study that analysed the local optometric practice pattern of glaucoma screening. 8 The local ophthalmic consultants first reviewed a draft of the guidelines and its protocol. It was then ratified and discussed with the local optometric committee and was presented to the 'Ophthalmic Working Group', a local policy body which contains representatives from ophthalmologists, trust and health authority managers, GPs, optometrists and public health physicians. Universal agreement was reached.
The guidelines covered aspects of lOP measurement, optic disc assessment and visual field performance and interpretation. The protocol allowed scenario-based referral. If the lOP was confirmed to be 35 mmHg or more or there were signs of acute angle closure, the patient could be referred directly to the eye casualty. All other patients should be referred via the patient's GP with data including lOP levels, optic disc features and visual field results. Patients could be referred on the basis of one of the following scenarios:
1. lOP alone (if measured> 25 mmHg on two visits). 2. Optic disc appearance alone if unequivocal glaucomatous excavation was identified by the optometrist (assumes a normal field). 3. Visual field alone, if defects were found to be repeatable on two separate occasions. 4. Optic disc asymmetry (vertical cup / disc ratio asymmetry of 0.2 or more) and lOP> 22 mmHg on two or more occasions (visual field normal). 5 . Optic disc and visual field abnormalities (lOPs in the normal range).
6. 'Abnormal' lOP ( > 22 mmHg on two separate visits), optic disc and visual field changes consistent with glaucoma.
The Health Authority distributed the guidelines (with the protocol) to all local practising optometrists in January 1998. We selected for analysis the records of patients referred during a period 12 months before circulation of the guidelines (1997) and a period of 12 months after (mid-1998 to mid-99). This allowed 6 months for 'post-guideline' practice to become established. Selection of patient records was similar to the method used in our previous study, which analysed referrals to the same clinic in 1988 and 1993,2 but the number was increased to 120 from each 12 month period. Records from patients referred, other than those originating from our eye casualty department, were entered into the study if their records contained a GOS18 form or a copy of the optometrist's letter to the GP. Data from the suspects' GOS18 forms and from the clinic notes were then entered onto a database and analysed using two-tailed Student's t-tests and chi-squared tests where appropriate. For the purpose of this study the various diagnostic criteria remained identical to those previously described? Briefly, a true positive referral was defined as a patient who was found to have 'treatable' disease (glaucoma, as defined as optic disc excavation associated with visual field loss of a nerve fibre bundle nature as defined in our previous publication,2 or ocular hypertension with an lOP of 30 mmHg or more in either eye on two occasions).
Data obtained were then compared with similar data from referrals initiated in 1988 and 19932 where direct comparisons could be made.
For the 1997 and 1998/9 cohorts, referrals were deemed to follow the protocol if the basis for the referral could be assumed from the data provided by the referring optometrist. Referrals considered not to have followed the scenario-based protocol were analysed to identify which test(s) were responsible/missing from the data provided. For example, a referral based upon an lOP of 23 mmHg in one eye and 24 mmHg in the fellow eye with optic discs considered to be normal and without a visual field being performed would violate the protocol on lOP and field grounds.
Results
One hundred and five of the 120 case records were suitable for analysis from the 1997 cohort and 102 from the 1998/9 cohort. There was no significant difference between the number of men and women in the two cohorts (1997 and 1998/1999) with 56 of the 105 patients being female in 1997 and 54/102 in 1998/9.
The mean (SD) age of the patient was 64.7 years (14.2) in 1997 and 58.9 years (14.2) in 1998/9 (p = 0.004).
The mean lOP at which optometrists referred patients was slightly lower in 1998/9 at 21.9 mmHg (6.6) than in 1997 at 22.5 (6.6), but this difference was not statistically significant. Both of these figures are significantly lower than in 1998 (25.1 mmHg (6.1), p < 0.0005) but similar to 1993 (22. Year of referral The overall 'true positive diagnosis' according to our previously published criteria (treatable disease) was 40% (42/105) in 1997. This decreased to 32.3% (33/102) after the guidelines, although the difference was not significant (p = 0.32). Both were, however, significantly lower than the positive referral rate of 56% in 1988 (p = 0.03 and 0.003 respectively). If glaucoma suspects are included as an 'appropriate referral', the 'inappropriate referrals' are effectively only the normals. In 1988 these numbered 3%, in 1993 23%,2 in 1997 37% and in 1998/943%.
The false positive referrals (1997 and 199819 cohorts)
There were 63 'false positive' referrals in 1997 and 66 in 1998/9. Of the 41 patients deemed by the optometrist to have an abnormal disc in 1997, only 9 (21%) were considered suspicious in the clinic, with figures of 43 and 11 (26%) in 1998/9. Of the 18 patients referred with a defective field (in either eye) in 1997, only 4 (22%) were found to have a defect (not considered glaucomatous) in the clinic with figures of 24 and 1 (4%) in 1998/9.
An analysis of those patients whose final diagnosis was normal and whose referring optometrist had followed the guidelines for referral is shown in Table 2 . A false positive field was recorded in 11 of 19 (58%) of those from 1997, and in 16 of 23 (70%) of those from In total, raised lOP was cited as a reason for referral in 38 of 42 (91 %) normals referred by optometrists who had not followed the guideline protocol, but in only 9 of 42 (21%) normals whose optometrist had followed the protocol (p = 0.001).
Protocol violations
Even before the guidelines were distributed, 50 of 105 patients (47.6%) referred in 1997 were referred as per criteria to be laid down in our guideline protocol. In 1998/9, after the guidelines were disseminated, the optometrists referred 53 (52%) with data that followed the protocol (p = 0.53). As the study involved many ophthalmologists, it is very probable that the diagnostic criteria were not uniform. (Table 2 ), but it is our impression that careful interpretation of the available data might well do as the two 'abnormal' fields were often dissimilar.
Our guidelines also gave advice concerning the common causes of non-contact tonometry false positives, based upon research data.12,13 It was encouraging to see how few inappropriate referrals (normals) were associated with lOP measurement when optometrists followed the guideline protocol compared with those who did not (21% vs 91%; Tables 2, 3 Were there other reasons why our efforts were unsuccessful in altering referral practice? We were assured that the documentation had been distributed to all optometrists currently registered with the health authority, but it is possible that it did not reach all of its target audience.
It is interesting to note that nearly 50% of our referrals were 'following' our protocol, prior to its dissemination. referral in the late 1990s over and above that which prevailed in 1993. indeed, it is interesting to note that all the PP+ve rates in the 1990s were significantly lower than that found in 1988. This is also true even if we consider all patients with confirmed OH and suspicious discs as appropriate referrals. It is also of concern that the number of normal individuals referred as glaucoma suspects has continued to rise through the 1990s from 23% in 1993 to 43% in 1998/9. Our protocol did not allow us to identify the origin of the referrals for confidentiality reasons but it is our impression that optometrists divide into those who refer with detailed, appropriate data and those from whom referrals consistently fall below our standard.
We recognise that our assessments of accuracy, particularly in relation to optic disc assessment, relate to a comparison of the optometrist's 'opinion' with our own, and that there could conceivably be cases in this series where another group of glaucoma specialists would pronounce differently on some of the 'suspicious' discs we defined as being normal. Harper et al. 15 found that selected optometrists performed well against ophthalmologists when assessing stereopair photographs of optic discs. We are currently investigating whether this is also the case for in vivo assessments, as it is our impression that many optometrists under-or overestimate the cup/disc ratio on glaucoma referrals.
Working to guidelines and having a scenario-based protocol for referral, simplifies the decision-making process for those referring and those receiving the referrals. It also allows meaningful audit and facilitates feedback, so necessary for the continued improvement of the screening process. In addition it permits effective prioritisation of referrals by a hard-pressed hospital service, thus reducing the chance that individuals will suffer irrevocable damage whilst waiting to be seen by an ophthalmologist.
It has been calculated that the most cost efficient mode of screening for glaucoma in optometric practice is to perform all three tests routinely on the over-40s, or to perform tonometry and disc assessment routinely with visual field analysis only for high-risk groupS. 16 If the former is to increase in prevalence towards 100%, strict adherence to protocols may be necessary to avoid excessive referrals, or some form of secondary screening system (perhaps utilising optometrists with additional training and expertise17) may need to be introduced.
